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Ocean CD|DI' Uncertainty Sources in the Calibration
SeaWiFS Project and Validation Process

The natural divigons in explaring the uncertainties for the calibration
and validation process can be considered as follows:

a) Deep ocean (Case 1) and coastal waters (Case-2)

b) Above- and in-water methods

The uncertainties Invalved can be congdered within four general
categories:
1. Calibration
a) Irradiance (incl. immersion coefficients and cosine response)
b) Radiance

2 Data Collection
a) Platform perturbations (shading and reflections)
b) Instrument perturbations (shading and tilting)
c) Environmental perturbations (bottom and surface effects)

3. fn Situ Stability
a) Equipment
b) Environment

4 Data Processing
a) Above-water data (glint filtering, statistical parameters, ec.)
b) In-water data (exdrapolation interval, fitting parameters, etc.)

The SeaWiFs calibration and validation plan (Hooker and MaClain
2000 relies on radiomeric measurements made at sea by a diverse
community of invegtigators One of the long-=anding chjedives of the
ceaWiFs Proedt is to produce spedral water-leaving radiances
within an uncertainty of &% (Hooker and Esaias 1993), and the s==-
truth measurements are the reference data to which the satdlite
cbsarvations are compared (McClan e a. 1898). The accuracy o
the field measurements are, therefore, of crucial iImportance,

If a toal &% uncertainty leve is to be maintained for a vicaricus
calibration exgrase (remde plus in Sty Ingrumentation),
appradmately half of the uncertainty budaet, 1.e, 256 (actualy i
quadrature sums are used, the ground truth component s doser 1o
3.9 ), 1s avalable for the ground truth component. Given the number
of uncertainty sources, each component must have an uncertainty on
the order of 1-2%, which is a state-of-the-art reguirement.
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Ocean Color
SeaWiFsS Project

In-Water Data Uncertainties for
SeaWiFS Validation
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Ocean Color Intracomparison of the PROSOPE

SeaWiFS Project In-Water Optical Instruments
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The intracomparison of the two in-water, free-fall profilers (LoCNESS and
SeaFALLS) shows they agree at approximately the 2% level over the 412-555
nm spedral range for the entire aruise period. This is approxdmately at the level
of the laboratory (Satlantic) calibrations (Hooker et al. 2001, sothis represents

a state-d-the-art accomplishment. The & value is the unbiased percent dif-

ference (LUPD) betwesn the water-leaving radiances denved from the two in
water profilers:

UPD = 2001X- Y/ X+Y).
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Ocean Color The Seventh SeaWiFS Intercalibration
SeaWiFS Project Round-Robin Experiment (SIRREX-7)

4 Satlantic bult a speaal mapping
(rarrow figld of view) radiometer for
determining the homogeneaty o the
SOV et aperture This radiom-
eter was used during SIRREX-7 to
map the homogeneity of 7 plagues
The plagues had dfferent ages
97es coor, ec, but all werein use
for calibration or field experiments.

The SeaWiFS Trangfer Rad-
omeer (5XR) was used as an
independent absdute detedtor
to egimate the uncertainties in
1) lamp gandards, 2) plague
gandards, and 3) radiance cali-
brations.

Additional experiments
4 were conducted to es
timate the uncetair
ties assocaated with 4)
Iradiance calibrations
o) the absdute cali-
bration o SeaWiFs
Quality Monitors (SCM
and SQM-Is), 6) raa
ticn efeds /) pdar-
\zation effedts and 8)
bidirectional effects.

Mora than 200 axpari-
rmantal tials ware con-
ductad.
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Ocean Color Uncertainties in SIRREX-7
SeaWiFS Project Lamp Irradiances
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Ocean cmnr Total Uncertainties in SIRREX-7

SeaWiF$S Project Radiance and Irradiance Calibrations

A combined uncertainty budget for radiometric calibrations can be
congructed from the SIRREX-7 data sat. Although it i1s comprehen:
Sve It does not address every source of uncetainty at the same level

of detall and some mus be conadered as appraxdmate Nonetheless
sufficent care was taken at al levels o the experimental process to
enaure the uncertainty egtimates are &t leas representative of what

can be expected If carefll metrodogy and practices are adhered to
Ferhaps just as importantly, the consequences of discrepancies are

also well estimated.

Sourea of Uncartaindy Rank | Irradianca | Radiance
MNIST Lamp Standard 1 1.0% 1.0%
=econdary Lamp Standard 2 +1.0 +1.0
Excessive Lamp Age (more than 60 h) 3 +1.0 +1.0
Excessive Lamp Wear 3 +2.0 +2.0
Paositioning Discrepancies & +1.5 +1.5
Unseasoned Lamp 3 +0.5 +0.5
Low Lamp Operating Cument 3 +1.0 +1.0
Mechanical Setup 1 0.5 0.9
Sensor Rotational Discrepancies 2 +0.5 +0.5
Alignment Discrepancies 2 +0.5 +0.5
Inadequate Baffling 2 +0.5 +0.5
MNIST Plaque Standard 1 1.0
Secondary Flague Standard 2 +1.0
Excessive Plaque Age 3 +2.0
Excessive Plaque Wear 3 +4.0
MNon-White (Doped) Plague 3 +2.0
Rank 1 Cnly Minimum Guadralura Sum 1.1% 1.5%
Ranks 1 and2 Tymical Criladralire Som 2.3 2.7
Ranks 1, 2, and 3 MMaximum Guadratira Som 3.4 8.3
Ranks 1 and2 Satlantic Chiadratira Sum 1.6% 2.3%
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Ocean Color The Second SeaWiFS Data Analysis
SeaWiFs Project Round Robin, March 2000 (DARR-00)

- Three processors: 1) GSFC | 2) JRC, and 3) Satlantic (FroSOFT).

- Ten casts each from four different sampling systems used in two
different oceanic regimes, deployed from two different platforms,
plus 10 more from very clear deep ocean sites.

- The principal difference in the sampling system types is a) the
vertical resolution, and b) the stability of the reference sensors.
- MNine spectral variables and a blue-green band ratio were intercom-
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Ocean Color | convergence in the Percent Differences
SeaWiF$S Project for JRC and GSFC Intercomparisons
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Ocean Color

Final JBRC and GSFC Percent Differences

SeaWiFS Project for Oceanic and Instrument Types
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Ocean Color Tower Perturbation Experiment at
SeaWiFs Project the Acqua Afta Oceanographic Tower

In order to measure the water-leaving radiance as a function of
sampling digance from the measurement platform, the JRC designed
and built an ingrumert support sygem for the GSFC micro Surface
Acquigtion Sygem (micraSAS) that could be exdended up to 11m
from the side of the Acqgua Afta Oceanographic Tower (AACT).




Ocean Color | Above-Water Estimates of Water-Leaving
SeaWiF$S Project Radiances in the Vicinity of the AAOT

The water-leaving radiance is computed usng the formulation in the
SeaWiFs Ocean Optics Protocols (Mueller and Austin 1985),

LWG') e JT—TG') =3 pLsk},rG"')

(assuming the parting reguirements with resped tothe sUn are satis
fied). For the tower perturbation campaign, 42 separate above-water
experiments composed o 435 cags were conducted during smulk-
taneous deployments o three inwater sampling sysems A subsg of
the above-water measurements taken during the morming, noon, and
afternoon are shown below.
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Ocean Color Detecting Platform Perturbations
SeaWiFS Project with Two Above-Water Protocols

If the Mord (1980) and Mudler and Austin (1995) methods for above-
water megsurements of water-leaving radiance are used together, it
s possble to detedt platform peturbations in Case1 conditions
What is reguired isthe ratio of the two surface reflectances from each
protocol (Hooker and Morel 2002):

r(865) = L7(865)/ Lsky(865)
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Ocean Color Estimation of AAOT Platform

SeaWiFS Project Perturbations

Althcugh the r(865) parameter was orginaly desgned to detedt
platform perturbations in Case-1 conditions, it can be used in Case-2
waters If the measurements are conduded over a short enough time
interval that r(865) Is nat chanaing due to spatial heterogeneaity. Inthis

case r(865) will nat havea value o 1, but it should havea congant

value so changes in r(865) are a direct measure of platform irfluence

on the above-water estimates of water-leaving radiance.
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The sbovewater megsurements wee taken at an attude of

appravdmately 13 m. The platform perturbations are sgnificant within
10m of the tower, =0 as long as the surface spat 1S on the order o

the viewing dtitude, tower perturbations are minimized (thiswas also
seen with the ship-based experiments).
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